We have carried out an extensive Raman-scattering investigation of the structure of berylliumimplanted gallium arsenide. Single-crystal GaAs was bombarded with 45-keV Be ions, and backscattering Raman measurements were made, prior to any anneal, as a function of ion fluence, laser photon energy, and depth (via chemicalwtch removal of surface layers). Line-shape and intensity analyses of the observed Srst-order Raman spectra, especially of the longitudinalwptical-(LO) phonon line (which is superimposed on the broad spectral signature of amorphous GaAs), support a structural model of the implantation-induced damage layer as a Sne-scale mixture of amorphous and crystalline GaAs. The etch studies yield a structural depth pro61e in terms of the depth dependence of the amorphous volume fraction (derived from measured scattering intensities) and of the characteristic crystaOite size. The first 1500 A is a high-damage layer having nearly constant structure; this is foBowed by a structurally graded transition region in which the crystalline volume frac-0 tion and the crystaBite size smoothly increase until the bulk crystal is reached at about 4000 A, For a fluence of 5)&10' ions/cm, the near-surface high-damage plateau is characterized by an amorphous volume fraction of 0.25 and a crystallite size of 60 A. This plateau begins at the surface; there is no evidence of the near-surface decrease in disorder which appears in some commonly used theoretical simulations. Varying the laser photon energy from 1.55 to 2.71 eV reveals that the LO intensity (arising from the crystalline component) increases at both ends of this spectral range. The intensity increase at low photon energies rejects the increasing optical penetration depth C, 'i. e. , effective scattering volume), but the increase at high photon energies signi5es a real rise in the scattering eSciency. We interpret this as a resonance-Raman elect associated with the approach toward the El interband transition. This resonance is partially quenched as the crystallite size is decreased for heavily implanted samples.
I. INTRODUCTION %hen energetic ions are implanted into a semiconductor for doping purposes, damage occurs to the host lattice because of inelastic colhsions between the incident ions and the host atoms. The spatial rate of energy loss is a function of the energy, resulting in a depth dependence to the damage. High-energy ions have a reduced nuclear scattering cross section and are slowed down primarily through electronic scattering. As the ions lose energy, collisions with the substrate ions become more frequent, resulting in structural disorder. The atomic scale structure of the near-surface damage layer is not well understood. Depending upon the implant conditions (ion energy and mass, ion fluence, target, target temperature, etc.), it may consist of amorphous regions and/or microcrystals and/or disordered crystalline regions.
Gallium arsenide is a high-mobility, direct-band-gap semiconductor which is useful for a variety of applica- GaAs, prior to annealing, is the focus of the present study.
Raman scattering is a nondestructive technique which is sensitive to both structural and electronic characteristics. In opaque semiconductors (laser photon energy above the band gap) the scattering comes from a thin surface layer, so that the technique provides an excellent probe of near-surface structure. Raman spectra have recently been used to characterize ion-implanted GaAs.
In particular, Tiong et al. have used a "spatial correlation" model similar to that of Richter et In order to obtain accurate values for the spectral parameters of the LO line from measurements such as those shown in Fig. 3 , it is necessary to correct for the contribution of the broad bands of amorphous GaAs. This is especially important at higher doses, for which the amorphous-GaAs spectral component is substantial. Fig. 4 for the 5X10' -cm implant.
The spectra for 0, In Fig. 9 Fig. 10 as a dashed curve. It is scaled using the 1.65-eV LO intensity value for the 5 X 10' -cm implant. Figure 10 shows the LO integrated intensity plotted against photon energy (i.e. , the exritation spectrum for LO Raman emission) for the pristine crystal and for the implants of 1 and 5)&10' cm . The left side of Fig. 10 reveals a strong increase in observed Raman signal at low fico Our etch-profile estimates for d,~, (fico) reveal that this increase in the LO intensity is mell accounted for by the increase in penetration depth (dashed curve) with decreasing photon energy. However, Fig. 10 The LO Raman line of the crystalline fraction was studied as a function of excitation photon energy from 1.55 to 2.71 eV. The LO intensity rises rapidly at low photon energies because of the increasing optical penetration depth. We also find, as seen in Fig. 10 , that there is a real increase in the Raman-scattering efficienc above 2.5 eV, an effect we attribute to resonance with the E& interband transition at 2.9 eV. This resonance-Raman effect is quenched by implantation, most probably because of the broadening of the E& crystal peak as the crystallite size decreases with increasing ion bombardment.
